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ABSTRACT 
 
Ligament is tough bands of fibrous tissues that connect between two bones. 
Those bones are the tibia and femur bones. The knee structure is including the femur 
(thighbone), tibia (shinbone), ligament, meniscus, articular cartilage, tendon and patella 
(kneecap). The anterior cruciate ligament (ACL) connects the femur to the tibia at the 
center of the knee. It limits rotation and the forward motion of the tibia. The ACL injury 
was found to be the highest among others ligament. Running and kicking is the 
activities that frequently can cause the ACL injury. In this study, a three-dimensional 
finite element model of the human ACL was developed and the simulation of passive 
knee flexion was performed. The objective for this study is to investigate the behaviour 
of the ACL effect when using knee pad during the kicking activities in soccer game. 
The numerical modeling of passive knee flexion was performed, with and without 
applying the stress on the ACL. The analysis will consist of analysis with the kneepad 
and analysis the knee without the knee pad. Both of the analysis involved in knee 
posturer angles. The angles are 0⁰, 45⁰, 90⁰ and 155⁰ of knee flexion. The results show 
that 90⁰ flexion give highest stress value among other knee flexion. One possible 
explanation is that, the ligaments already reach its final stages for twisting. After this 
stage, the ligament will not twisting but it will start to bend. The ligament will bend 
until it reaches it bending limit. 
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ABSTRAK 
 
Ligamen merupakan salah satu tisu kompleks yang menghubungkan di antara 
dua jenis tulang iaitu tulang “Tibia” dan tulang “Femur”. Struktur lutut terdiri daripada 
tulang “Femur” (tulang peha), tulang “Tibia” (tulang betis), ligamen, meniskus, tulang 
rawan, tendon dan patella (tempurung lutut). “Anterior Cruciate Ligament” (ACL) 
menghubungkan tulang “Femur” ke tulang “Tibia” di tengah-tengah lutut. ACL 
mengawal had pergerakan ke hadapan dan juga putaran “Tibia”. Kecederaan ACL 
mencatatkan kecederaan paling tinggi berbanding ligamen yang lain. Antara aktiviti 
yang kerap berlaku kecederaan kepada ACL adalah disebabkan oleh aktiviti berlari dan 
juga menendang. Untuk kajian ini, model 3D untuk ligamen telah dihasilkan dan 
analisis telah dijalankan. Objektif kajian ini, adalah untuk mengkaji kesan tindak balas 
ACL apabila memakai pad lutut atau tidak memakai semasa melakukan aktiviti 
menendang dalam permainan bola sepak. Untuk analisis kajian ini, ia merangkumi 
analisis apabila kaki memakai pad lutut dan juga analisis apabila kaki tidak memakai 
pad lutut. Kedua-dua analisis ini merangkumi beberapa sudut kaki, antaranya 0⁰, 45⁰, 
90⁰ dan akhir sekali ialah 155⁰. Daripada analisis yang telah dijalankan, ia 
menunjukkan bahawa semasa kedudukan kaki pada sudut 90⁰, ia mencatatkan nilai 
tekanan yang paling maksimum jika di bandingkan di antara sudut yang lain. Ini kerana 
pada masa ini, ACL sudah mencapai tahap maksimum untuk berputar. Selepas fasa ini, 
ACL akan berhenti berputar pada paksi, dan mula untuk membengkok sehingga ACL 
mencapai tahap maksimum untuk membengkok. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
This chapter will describe about the background, problem statement, objectives 
and scope of the study. From the background of the study, it comes out the problem 
statement and from the problem statement; the purpose of this study can be identified. 
This study will be based on the objective that have been determined and is limited by the 
scopes. 
 
1.1 BACKGROUND OF STUDY 
 
Ligament is tough bands of fibrous tissues that connect between two bones. That 
bone is the tibia bones and the femur bones. Knee structure is including the femur bones 
(thighbone), tibia bones (shinbone), ligament, meniscus, articular cartilage, tendon and 
patella (kneecap). For knee there are 4 major ligament parts which are the tibia collateral 
ligament, fibular collateral ligament, anterior cruciate ligament and posterior cruciate 
ligament. All of these ligaments are used to connect the bones on the knee which is the 
tibia bones and the femur bones. All of this ligament, they have their own function. The 
lateral collateral ligament runs on the outside of the knee. It limits sideways motion. The 
medial collateral ligament runs down the inside of knee joint. It connects the femur to 
the tibia and limits the sideways motion of the knee. The articular cartilage lines the 
bones, cushioning your joint. The meniscus is cartilage that absorbs shock in your joint. 
The posterior cruciate ligament also connects the femur and tibia. It limits backward 
motion of the tibia. The anterior cruciate ligament connects the femur to the tibia in the 
center of the knee. It limits rotation and the forward motion if the tibia. 
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More than any other joint in the body, the knee joint depends on its ligamentous 
structures to maintain its integrity and act as primary stabilizers for guiding movements. 
The anterior cruciate ligament (ACL) provides the primary restraint for anterior tibia 
translation and valgus-valgus motion in full extension and rotation. The ACL is the most 
commonly injured ligament of the body especially during sport activities and motor 
vehicle accidents and therefore the biomechanics of the ACL is of interest. Based on the 
anatomy and tensioning patterns of this ligament during knee flexion and extension, the 
ACL can be divided into two bundles, an anteromedial (AM) bundle and a posterolateral 
(PL) bundle. ACL injury was found to be the highest among others ligament. Running 
and kicking is the activities that frequently can cause the ACL injury. When decelerating 
in running, the hamstrings act eccentrically to slow extension at the knee, and the 
quadriceps act eccentrically to control the lowering of body weight when athletes 
approach a stop. In kicking activation follows ‘the soccer paradox’, which means that 
flexor activity is dominant during extension and extensor activity dominates during 
flexion. In fact, quadriceps activity is greatest during the loading phase when it is 
antagonistic to the movement. On the other hand, hamstrings are most active during the 
forward swing when they are antagonistic to the movement. 
 
1.2 PROBLEM STATEMENT 
 
Soccer is the most popular sport in all over the world. Its popularity has grown 
through the years. As reported in 1982, this game has been played by at least 40 million 
people in 150 countries. By 1992 this number of played had grown to about 200 million. 
In Italy, there are about 1,200,000 affiliated players and 3,000 of them are professionals 
(Volpi, 2000). Soccer is responsible for about 50% to 60% of all the sport-related 
injuries (Nilsson, 1978). 
 
The human anterior cruciate ligament (ACL) plays an essential role in 
maintaining knee stability in multiple directions and is one of the most frequently 
injured ligaments of the knee, especially during sport activities (Daniel et al., 1994; 
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Griffin et al., 2000, Speer et al., 1995). Based on the anatomy and tensioning patterns of 
this ligament during knee flexion and extension, the ACL can be divided into two 
bundles, an anteromedial (AM) bundle and a posterolateral (PL) bundle (Girgis et al., 
1975). 
 
1.3 RESEARCH OBJECTIVES 
 
The objective of this study is to develop the three dimensional (3D) of an 
anterior cruciate ligament (ACL) behavior and to investigate the ACL effect for healthy 
human leg with and without the knee pad during kicking the ball. 
 
1.4 SCOPE OF RESEARCH 
 
In order to achieve the above mentioned objective, the following scope has been drawn: 
 
i. Limit on the three dimensional model of ligament only. 
ii. Using only two types of kicking which is the side kick and the instep kick. 
iii. For side kick the velocity use are 14.95m/s, 17.4m/s and 19.91m/s. (source 
experimental for kicking) 
iv. For instep kick the velocity use are 17.1m/s, 19.24m/s and 24.8m/s. (source 
experimental for kicking) 
v. Force distribution from the soccer player equal to for side kick 165N, 191N and 
218N, for instep kick 256N, 288N and 371N. 
vi. Using the stress distribution with the leg condition of 0 degree, 45 degree and 90 
degree and 155 degree only. 
vii. Fixed body weight is 570N. 
viii. Player age around 22 years old. 
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1.5 ORGANIZATION OF THE THESIS 
 
 This final year project report is divided into five chapters. In which the chapter 1 
is the introduction part, chapter 2 is the literature review part, chapter 3 is the 
methodology part, chapter 4 is the result and discussion part, and chapter 5 is the 
conclusion part. 
 
 In the chapter 1, it introduces the background of the study, and in addition, it 
explain a simple important details in this study of material of the knee pad, and several 
important information about the knee pad and also the ligament, some others factors 
should be considered, problems statement that is related to the topic study, the 
objectives, scope of the study, the expected results and the report arrangement. 
 
In the chapter 2 it presents the information of the ligament which is the anterior 
crucial ligament (ACL), the ACL injury, importance of the knee pad for the football 
player, kneepad problems nowadays, material selection for the kneepad, designing 
process, and the comparison of muscle reaction of a person that are wearing a knee pad 
and the person who are not wearing  
 
In the chapter 3 includes the all proposed design where the physical parameter, 
consideration, and defect will be considered. This chapter will describe the detail of the 
methodology used in this study, by modeling and simulation the ACL. There are two 
sets of analysis which is the knee analysis using the knee pad and the other one is the 
knee analysis without the knee pad. The dimension of the ACL and the knee used in 
modeling was referred to the previous study. Besides, the parameters used to setup the 
simulation of the fluid and structure was based on the literature. The whole simulation 
was performed by using AUTODESK software. During the diastolic and systolic setup, 
the simulation was performed in a time period of 1 second and independent parameters 
like the flow and pressure variables was applied to the human knee. 
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In the chapter 4, in this chapter, the simulation result obtained from the analysis 
on the knee joints are presented and discussed. Both of the knee sets are simulate using 
same force distribution which is 474N, 768N, 909N and 977N. The finite element 
method software is used to simulate the knee joint. The result in form of graph stress 
values against strain was plotted. The comparison between both sets also has been 
decided. As for the validation, the comparison between calculation value and simulation 
value has been made. 
 
Chapter 5 presents the conclusion being made from experiment in order to 
classify the best fiber material among all of the fiber used and the also the 
recommendations that can be suggested for future benefits. 
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CHARTER 2 
 
 
LITERATURE REVIEW 
 
 
In this chapter, the basic knowledge which related to the human knee will be 
described. A simple explanation and introduction to the ligament especially the anterior 
crucial ligament (ACL) have been presented. Besides, the common ACL disease that 
related with the sport activities will be defined. The treatments for the ACL disease also 
will be introduced. Moreover, fluid flow theory and the fundamental engineering 
theories also will be described during simulation in this study. The simulation could be 
explained by using certain of the formulae and equations. Lastly, some journals 
regarding to simulation study which are highly related to this study will be summarized. 
The idea and dimension used to applying in designing the ACL have been referred back 
to the previous study. 
 
2.1 THE LIGAMENT CHARACTERISTICS 
 
Ligament is used as the connection between the two bones. The bones are tibia 
bone and the femur bone. Ligament is the sensitive tissues that can easy to occur decease 
in daily life. There is 4 major part of ligament in knee of human. The first part is the 
tibia collateral ligament part. MCL is a wide, thick band of tissue that runs down the 
inner part of the knee from the thighbone (femur) to a point on the shinbone (tibia) about 
four to six inches from the knee. The MCL's main function is to prevent the leg from 
extending too far inward, but it also helps keep the knee stable and allows it to rotate.  
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The second part is the fibular collateral ligament part. The fibular collateral 
ligament or lateral collateral ligament is a thin band of tissue running along the outside 
of the knee. It connects the thighbone (femur) to the fibula, which is the small bone of 
the lower leg that turns down the side of the knee and connects to the ankle. Like the 
medial collateral ligament, the lateral collateral ligament's main function is to keep the 
knee stable as it moves through its full arc of motion. The third part is the anterior 
cruciate ligament part.  
 
The anterior cruciate ligament runs diagonally in the middle of the knee. It 
prevents the tibia from sliding out in front of the femur, as well as provides rotational 
stability to the knee. The last part is the posterior cruciate ligament. It connects the 
posterior intercondylar area of the tibia to the medial condyle of the femur. This 
configuration allows the PCL to resist forces pushing the tibia posteriorly relative to the 
femur. 
 
 
 
Figure 2.1: The Knee Structure 
(Source: Calmbach, 2003) 
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Figure 2.2: Structure of un-stretched tendon and slightly stretched tendon 
(Source: Hauser, 2011) 
 
2.1.1 Tensile Response Curve 
 
 
 
Figure 2.3: Mechanical Behavior 
(Source: Hauser, 2011) 
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Table 2.2: Curve description 
 
Region Description 
Region 1 “toe” Crimp: low stiffness; change in slope as collagen fibers straighten; 
ligaments become more stiff as more fibers are recruited 
Region 2 Linear region: slope = stiffness/elastic modulus 
Elastic: higher stiffness 
Region 3 Less linear behavior; deformation is permanent (tearing, stretch); 
area of micro-failure; 
Ultimate load: where failure occurs (N) 
Region 3a Energy absorbed to failure: area under the curve (Nmm) 
Region 4 Ligament ruptures 
Region 5 Ligament may appear intact; Fibers to slide under low loads 
 
2.2 ANTERIOR CRUCIATE LIGAMENT 
 
 
Figure 2.4: Anterior Cruciate Ligament 
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The anterior cruciate ligament is the smallest of the four main ligaments in the 
knee. Despite its size, it is the most important of the four in keeping your leg stable 
when you twist your body. It connects the thighbone (femur) to the largest shinbone 
(tibia) at the centre of your knee. Without the ACL, knee would wobble and move 
around when you twist your body. When the shinbone and thighbone rotate too far in 
opposite directions or when the knee is bent in the wrong direction the ACL can be torn 
or sprained. An ACL injury is a sprain, in which the ligament is torn or stretched beyond 
its normal range. In almost all cases, when the ACL is torn, it's almost always due to at 
least one of the following patterns of injury: 
 
i. A sudden stop, twist, pivot or change in direction at the knee joint. These knee 
movements are a routine part of football, basketball, soccer, rugby, gymnastics 
and skiing. For this reason, athletes who participate in these sports have an 
especially high risk of ACL tears. 
ii. Extreme hyperextension of the knee. Sometimes, during athletic jumps and 
landings, the knee straightens out more than it should and extends beyond its 
normal range of motion, causing an ACL tear. This type of ACL injury often 
occurs because of a missed dismount in gymnastics or an awkward landing in 
basketball. 
iii. Direct contact. The ACL may be injured during contact sports, usually during 
direct impact to the outside of the knee or lower leg. Examples are a sideways 
football tackle, a misdirected soccer kick that strikes the knee or a sliding tackle 
in soccer. 
 
Often when the anterior cruciate ligament tears, you will have damage to other 
ligaments most often the medial collateral ligament or the cartilage of the knee.  
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Figure 2.5: ACL Flexion 
(Source: Zemirline, 2009) 
 
Like other types of sprains, ACL injuries are classified by the following grading 
system: 
 
i. Grade I. A mild injury that causes only microscopic tears in the ACL. Although 
these tiny tears may stretch the ligament out of shape, they do not affect the 
overall ability of the knee joint to support your weight. 
ii. Grade II. A moderate injury in which the ACL is partially torn. The knee can be 
somewhat unstable and can "give way" periodically when you stand or walk. 
iii. Grade III. A severe injury in which the ACL is completely torn through and the 
knee feels very unstable. 
 
A-A’ – Anteromedial band 
B-B’ – Intermediate component 
C-C’ – Posterolateral aspect of ligament 
